Abstract-In order to improve the cutting surface reconstruction algorithm, which needs a large amount of calculation, and to obtain higher quality of reconstruction surface, processing research of image segmentation surface reconstruction algorithm is proposed based on multi-scale analysis. Through the analysis of the surface reconstruction algorithm and process steps based on multi-scale graph cut, the energy function is constructed, and maps it to the 3 d figure of edge and vertex weights, so as to construct a graph cut extraction matrix and interpolation matrix. In order to further verify the performance of the algorithm, comparative analyses of the experiment tests of the triangle network was implemented through c + +. The results show that under the same conditions, this algorithm's computation speed is faster than the narrow band graph cut algorithm, its effect of rebuilding the figure cut will be better, and can get reconstruction surface of higher quality.
INTRODUCTION
Image segmentation is the use of information such as gray scale, color, texture and shape to isolate objects or areas related entities in the real world with a certain meaning from the image according to certain standard, and is one of the key issues of top priority in areas such as the image understanding, image analysis, pattern recognition and computer vision. Segmentation accuracy and easiness is a pair of contradictions in image segmentation. This contradiction is difficult to solve with fixed scale segmentation techniques. Because many phenomena or processes have multi-scale characteristics in the nature and the engineering practice, using the method of multi-scale analysis to describe and analyze these phenomena or processes is able to more fully describe the essence of them. The method of multi-scale analysis can integrate different scales of image information and provide a framework able to balance the accuracy and easiness of segmentation at the same time. By constructing suitable multi-scale data structure as well as adopting reasonable multi-scale feature extraction and segmentation strategy, the tricky problems and contradictions appearing in fixed scale are effectively solved, which is a new trend of image segmentation technology development.
Range Scanning and Multi -view Reconstruction usually only get cloud data with noise points scattered on the surface of the object. These point clouds scattered in the space only contain the discrete space location information on the surface of the object with a great amount of data, which cannot be directly applied in the real world [1] . Thus, reconstruction of triangular mesh model on the surface of objects from these unorganized cloud data with noise points is a research hotspot in recent years [2] . Good surface reconstruction algorithm should have the noise robustness and under the premise of restoring detailed characteristics, smooth surface can be estimated.
Using graph cut theory for image segmentation is the rising research hot spot in recent years based on energy minimization framework. The novelty of the theory lies in its ability of global optimal solution and the image segmentation framework concerning a variety of knowledge. The basic process is: the image is mapped into a network, in which pixels corresponds to the nodes in this picture, the similarity between the adjacent pixels corresponds to edge weights between adjacent nodes, the capacity of cut corresponds to energy function. Minimum cut got by using Max -flow/min -cut algorithm for cutting network corresponds to the target boundary of the segmentation. However, massive amounts of processing units of a certain pixel level and iteration model to achieve segmentation accuracy make the most of the segmentation based on graph cut algorithm time-consuming. In recent years, according to surface reconstruction problem, a large number of new algorithms have emerged. Dey and Amenta put forward Tight Cocone [3] and Power Crust [4] algorithm separately according to the theory of computational geometry and use the Voronoi diagram directly to achieve Delaunay triangulation of point cloud. Poisson curve reconstruction is the representative of the current high-performance reconstruction algorithm [5] . But this method needs to have accurate method to information and be more sensitive to noise interference. MPU: MultiLevel Partition of Unity divides point cloud data into several sub regions by octree, and uses piecewise quadric surface to fit point cloud data in each area, finally joining together the global smooth curved surface reconstruction [6] . Nagai put forward SPU (Smoothing the Partition of Unity) based on this, and improved the noise robustness [7] . Based on MLS (Moving further Square) method of geometric spline surface, a manifold curved surface is used to approximate to real surfaces, and error is controlled according to the results of the data resampling [8] . Tang Yuehong [9] and Yang Jun [10] use weighted summation through local shape function to approximate global implicit function based on the classification of point cloud of the octree, thus the implicit point cloud surface is obtained and finally use the last step [11] cube algorithm to transform it into a triangular mesh.
As ceaseless promotion of figure cut on the energy function minimization in solving computer vision, people put forward the surface reconstruction algorithm based on graph cut [12, 13] , gained reconstruction surface of high quality. However, computational complexity of graph cut algorithm, the number of vertices, edges in the figure, and the number of iterations of calculation are in polynomial relation. In order to obtain better reconstruction effect, the number of vertices in the figure is generally to achieve more than 64 3 , which makes surface reconstruction calculation based on the figure cut take a longer time. So the narrow band graph cut algorithm is proposed in the prophase work of this paper [14] , in order to reduce the vertices of the graph involved in computing. But in order to ensure the reconstruction effect of narrow band graph cut algorithm, the number of vertex needed to participate in graph cut algorithm in the initialization time cannot be too few, which affects the computational efficiency. In order to further reduce the amount of calculation, on the basis of preliminary work, multi-scale graph cut algorithm is proposed in this paper, achieving the purpose of reducing the amount of calculation through decomposition of energy minimization calculation process. This paper mainly develops and innovates in the following aspects:
Surface reconstruction algorithm based on multi-scale image cutting is proposed. Through the analysis of energy model and multi-scale graph cut, the sampling matrix and interpolation matrix are constructed and the concrete steps of the algorithm are put forward, which further shows that using the proposed algorithm can reduce computational complexity of the figure cut, reduce the amount of calculation, and get reconstruction surface of high quality.
In order to further verify the effectiveness of the proposed algorithm as well as get the high-order smooth reconstruction curved surface, the experimental test of triangle network has carried out by using c + + implementation. As to 361000 Bunny model synthesized from 10 scanning depth maps, computing time by using the method and the narrow band graph cut algorithm is compared, and alpha expansion method has been adopted in the maximum flow calculation in the two algorithms. As can be seen from the graph, compared with narrow band graph cut algorithm, this method has greatly improved computing performance. With the increasing number of 3 d weighted graph vertex, the performance has been more improved; contrast experiment methods of image reconstruction surface effect are analyzed. In the experiment, the rendering effect contrast tests of output surface in multi-scale graph cut, narrow band graph cut and pop Poisson curved surface reconstruction algorithm has been carried out. The results show that, in the same case, the method is better than narrow band graph cut. The method can balance the cost of data and smooth effectively, make the detailed features keep good, and get reconstruction surface of high quality.
II. PROPOSED SCHEME
The directional point cloud data are represented as
, n i ∈R 3 represent space position and normal vector of the ith point respectively, N is the total number of space. Assumes that minimum and maximum coordinates of bounding box of the point cloud data in the x, y, z direction are (min x , min y , min z ), (max x , max y , max z ) respectively. After discretization of bounding box, voxel numbers of Nx in the x, y, z direction are N x , N y , N z respectively, voxel space after discretization is as shown in figure 1. Suppose coordinates of voxel in the discretized space shown in figure 1 
Obviously, Side lengths of voxels in x, y, z direction are respectively:
Computation formula of the ith space point in voxel coordinates are as follows:
Floor(•) represents the down. Through discretization of the above voxel space, curved surface reconstruction problem can be converted to binary labeling problem. Without losing generality, it is assumed that voxels within areas surrounded by the surface are tagged as -1, outside the surrounded areas are marked as 1. The reconstruction curved surface is zero level of the tag space. 
A. Energy Model
Binary labeling of voxel space as shown in figure 1 is an optimization problem, which can be modeled by Markov random field (MRF). This article uses consistency of space point's direction and surface direction contained in each individual voxel as a potential energy, in order to determine whether the voxels are within or outside the surrounded surface area, and uses voxel neighborhood consistency as smooth constraints; the energy model is established as shown in formula (4).
The first item on the right side of (4) is data cost, the second is smooth cost. M represents the total number of voxels, i. e. , M=N x ×N y ×N z ; p s i is the nearest neighbor points of P i on the curved surface; n s i is the direction of p s i ; <•, •> represents the inner product of two vectors; V i is the ith voxel; λ represents the weight of smooth cost, the bigger its value is, the more smooth its reconstruction surface is; Nr(V i ) is the neighborhood voxel of V i ;label(V i ) is the sign value of V i , its value is -1 or 1. The global optimal reconstruction surface can be gained by minimizing formula (4).
B. Multi-scale Graph Cut
Graph cut algorithm can be used to solve the formula (4) [14] . The constructive method of figure: as shown in figure 1 , apex of each individual voxel in the corresponding figure inside the bounding box discretization space; neighborhood relationship between voxels corresponds to the edge of the figure, which is called the n connection. Weight for the n edge connection of two neighboring voxels Vi and Vj is The most commonly used method of graph cut of is α expansion or α-β exchange. But the computational complexities of the two methods are O(m×n×iter)and O(m×n 2 ×iter) respectively, in which m represents the number of vertexes in the graph, n represents the tag number, iter is the number of iterations. Here, m corresponds to the number of voxels, n is 2, so computational complexity depends mainly on the resolution ratio of voxel space. In order to reduce the computing complexity of figure cut, multi-scale computational method is proposed in this paper.
Inspired by algebraic multigrid theory [15] , the energy model in formula (4) is represented by matrix, in order to build multi-scale structure of energy calculation. Assume that matrix D∈R M×2 represents the data cost, the first column indicates the data cost when voxel is -1, the second column represents the data cost when voxel is 1, 
. Formula (4) can be rewritten as:
The idea of multi-scale map cut is to construct a series of extraction matrix, makes
series (l max is the largest scale series), M l represents the number of voxels in the first scale, L 0 =L, M 0 =M. Through a series of decomposition, the number of voxels is gradually reduced, so as to achieve the aim of reducing computational complexity. This article only concerns the graph cut algorithm of voxel on l max level, then through a
Eventually the tag value matrix L 0 of voxels is got. Therefore, the key to multi-scale graph cut algorithm is how to construct extraction matrix and interpolation matrix.
1) The Pyramidal Decomposition of the Image
Multi-scale data structure is constructed for pyramidal decomposition of image as follows: in the way of zero-pad, the image I is expanded to the image mb nb  consisting of several B@B sized blocks, that is 
2) Construction of Extraction Matrix
First, estimate of tag value of each voxel is got by using iterative conditional modes algorithm; second, voxels to be taken are decided according to the marker results. To decide which voxels need to be extracted, the consistency between two voxels is defined according to the formula (6). 
Through extraction matrix, voxels are divided into two categories, the collection of preserved voxels is represented by C a ; the collection of the rest voxels is represented by F e . The consistency between voxel V i and set C a is defined as follows:
The method of constructing extraction matrix is as follows: in the beginning,
A voxel is drawn from F e at random, then is added to C a . For all the voxels in F e , if its consistency with C a is less than β, then it is deleted from F e and added to C a . Corresponding rows in A l of all the voxels in C a are deleted, thus extraction matrix is obtained. The way of extraction makes each voxel either has high consistency with a voxel in Ca, namely the high possibility of being given the same tag; or in the collection of Ca, which ensures that voxel tags in Ca can be used to estimate voxel tags in Fe.
3) Construction of Interpolation Matrix
The construction method of interpolation matrix on the first scale is as follows:
. Line numbers correspond to voxel serial numbers at the current level and column numbers correspond to voxel serial numbers at the next level. It is assumed that I(i) represents the voxel serial number at the next level corresponding to voxel V i at the current level, namely the ith row and the ith column will connect voxels on different scales. Voxels in matrix B l are assigned according to the formula (8). , ,
C. Algorithm Steps
Steps of surface reconstruction algorithm based on multi-scale map cut:
Step 1. This paper adopts the self-adaption circular intersection method to estimate surface normal [16] .
Step 2. Calculate and discretize the bounding box of point cloud to get the voxel space.
Step 3. Construct 3 d weighted graph through voxel space, vertices correspond to voxels, the weight of t connection edge corresponds to the data cost of the first item on the right side of formula (4), the weight of n connection edge corresponds to the smooth cost of the second item on the right side of formula (4).
Step 4. Construct extraction matrix Al, divide the vertices of a weighted graph into the two collections Ca and Fe.
Step 5. Construct interpolation matrix Bl according to Ca and Fe, as well as consistency between variables.
Step 6. If the number of variables in the collection of Ca is less than or equal to the preset value, skip to the Step7, otherwise skip to Step4.
Step 7. Take advantage of interpolation matrix to deminish in premultiplication step by step the tag value matrix obtained in Step7 and get the tag value matrix L0 corresponding to voxels at the 0 level.
Step 8. Line numbers in the matrix L0 correspond to the serial numbers of voxels in voxel space. If the first column of corresponding line in L0 is 1, then it will be marked as -1, otherwise marked as 1.
Step 9. Reconstruction surface is the zero contour surface of voxel space in the Step9, which is converted to the triangle mesh through marching cubes algorithm.
III. EXPERIMENT AND ANALYSIS
This algorithm uses c + + implementation. In order to obtain the high-order smooth reconstruction surface, extracting triangle mesh in Step10 adopted the method in reference [17] . Hardware configuration in the experiment is Intel Core2 Duo 2. 20 GHz CPU, 2 GB internal memory; software configuration is Windows7+Visual Studio 2010. Parameters in the experiment are set as: σ=1. 5, β=0. 3, λ=20, the number of threshold in the set C a is set as 16. Figure 3 is comparison of computation time for synthesizing Bunny model [18] of 361000 points from 10 scanning depth map using the method in this paper and narrow band graph cut algorithm; α expansion method has been adopted in maximum flow calculation of the two algorithms. As can be seen from the graph, compared with narrow band graph cut algorithm, this method has improved greatly in computing performance; with the increasing number of vertexes in 3 d weighted graph, performance will have greater improvement. If construction time of extraction matrix and interpolation matrix is not considered, the number of variables on the last scale is 2, and α expansion is used in maximum flow calculation, then computing complexity of the multi-scale figure cut proposed in this paper is O(2×iter×log 2 m), in which m represents the number of vertexes in the three-dimensional graph. Computational complexity of narrow band graph cut is O(2×a×iter×m), in which a represents the proportion the number of vertices in narrow-band figure compared with that in the whole 3 d graph. Experiments in reference [14] show that a approximate 1/9. Therefore, compared with narrow band graph cut algorithm, with the increasing number of vertexes in the three-dimensional graph, computational complexity of the multi-scale construction method proposed in this paper decreases more. Narrow band graph cut algorithm In this paper, methods 
A. Comparison of Computation Time

B. Rendering Effect Comparison of Reconstruction Surface
Rendering effects of output surface using multi-scale graph cut, narrow band graph cut and popular Poisson surface reconstruction algorithm are compared in this article. Bunny is from reference [18] , and the other two test data are from reference [19] , in which sampling density ratio on the left and right side of Venus point cloud data is 400:1. Figure 4 and figure 6 are rendering effect graph of reconstruction surface of the three test data. In the experiment of narrow band graph cut and the method in this paper, the number of vertexes in 3 d graph is both set as 90 3 ; Poisson method parameters-depth is set as 7. As you can see in figure 3 , as to the Bunny test data, rendering effects of the three reconstruction surface are similar. According to the black gridlines in figure 4, Angel's eyes and nose area is too smooth using the Poisson method, while narrow band graph cut and the method in this paper maintain the detailed features and obtain smooth reconstruction results. It can be found in figure 5 that for non-uniform sampling, Poisson method produces an over-smooth phenomenon, which lost a lot of details. In this case, the method in this paper is better than narrow band graph cut. Because in this case, smooth cost will play a major role in narrow band graph cut, and therefore some details will be lost. This method in this paper takes advantage of multi-scale decomposition, and maximum flow calculation only undergoes on the last level, which effectively balance the data cost and smooth cost, thus detailed features are kept well. Image segmentation is the key to transform image processing to image analysis in image engineering, which is also a kind of basic computer vision technology, as a result, fast and accurate segmentation image is a basic subject in the field of image engineering and computer vision. Pixel processing unit of GrabCut algorithm, and iteration model to achieve certain segmentation accuracy, make the algorithm segmentation not efficient. Through the multi-scale decomposition of graph cut calculating process, the number of vertexes in the figure can be reduced step by step. Only the rough figure of the last level undergoes maximum flow calculation; the other levels are gained by interpolation. Using the decomposition method in decreasing computational complexity, polynomial relation of the number of vertexes is transformed to polynomial relation of the logarithmic number of vertexes. The application of scattered point cloud surface reconstruction shows that this method uses less computation time than narrow band graph cut algorithm; under the condition of non-uniform sampling, the method has better reconstruction results; in other cases, reconstruction effects are equal. Next, we will try to prove theoretically that this decomposition method can guarantee the global optimal reconstruction results.
